ABSTRACT Background: Obesity is related to asthma, but factors influencing this relation have not been clearly defined. Objective: This study was designed to assess the role of eating behaviors and weight concerns in the association between obesity and asthma. Design: A population-based sample of 11,710 adolescents, recruited from 186 secondary schools of 8 educational districts in France, completed a self-administered standardized questionnaire including DSM IV (Diagnostic and Statistical Manual of Mental Disorders) questions on eating disorders. Results: Obesity (body mass index 95th percentile according to age and sex) was associated with asthma in girls (odds ratio: 1.48; 95% CI: 1.05, 2.08) but not in boys (odds ratio: 1.07; 95% CI: 0.75, 1.54). Both obese and asthmatic adolescents were more likely to have abnormal eating behaviors and weight concerns (P , 0.05). In an adjusted polytomous logistic model with 4 categories based on the presence and/or the absence of asthma and obesity as the dependent variable, the odds ratio for weight concerns increased from a minimum value for asthmatic nonobese adolescents (odds ratio: ,1.5; P , 0.03) to a maximum value for asthmatic obese adolescents (odds ratio: .6.3; P , 0.001) with nonasthmatic, nonobese adolescents as the reference group. Similar patterns were observed for overweight. Conclusions: Our data suggest that, besides well-known factors such as genetic background, direct mechanical effects, and reduced physical activity, abnormal eating behaviors and weight concerns might intervene in the relation between obesity and asthma. Psychosocial dimension has to be considered to disentangle the complex relation between obesity and asthma in adolescence in view of prevention.
INTRODUCTION
Various epidemiologic studies have shown that both asthma and obesity have increased in prevalence in industrialized countries since the 1990s. Furthermore, obesity has been reported to be positively related to asthma (1, 2) , although the nature of this link has not been clarified (3, 4) . In particular, the factors influencing this relation have not been clearly identified.
Eating behaviors and weight concerns affect obesity, and it cannot be excluded that they might intervene in the association between obesity and asthma. Indeed, eating behaviors and weight concerns are influenced by hormonal (5) and psychosocial (6) factors, which have also been implicated in the etiology and the progression of asthma. Understanding this interrelation may contribute to the development of effective prevention strategies.
The aim of this study was to explore the interrelations between eating behaviors, weight concerns, asthma, and obesity in a large population-based sample of adolescents recruited in the frame of The National Adolescent Health Survey (NAHS). The NAHS was conducted in France to investigate somatic as well as psychological health and associated risk factors in adolescence (7, 8) , among which eating behaviors and weight concerns according to the Diagnostic and Statistical Manual of Mental Disorders (DSM IV).
SUBJECTS AND METHODS

Population
A 3-stage selection procedure was used to obtain a representative sample of students in French secondary public school. As a result, 14,278 adolescents were selected from 578 classes in 186 schools of 8 metropolitan educational districts (''Académies'' in French), namely those of Strasbourg, Clermont-Ferrand, Nice, Amiens, Créteil, Aix-Marseille, Rennes, and Bordeaux. Students were requested to complete a self-administered standardized questionnaire in the classroom during school time. The protocol was submitted to and approved by the Ethical Committee (Comité National Consultatif d'Ethique) and the Commission Nationale de l'Informatique et des Libertés, the latter to protect the anonymity of the subjects.
Outcomes
Information on asthma, obesity, overweight, eating behaviors, and weight concerns was obtained through a cross-sectional and retrospective assessment by using various standardized questions. Body mass index (BMI), calculated as weight (in kg) divided by height 2 (in m) as reported through the questionnaire, was used to assess obesity. The accuracy of this assessment was controlled in a subsample of the study population (data not shown). In agreement with previous studies (9, 10), obesity was defined as a BMI 95th percentile according to age and sex and overweight as a BMI 85th percentile according to age and sex. Questions on asthma were based on the enriched version of the International Study of Asthma and Allergies in Childhood questionnaire used and validated in French centers. Asthma was defined by a positive answer to the question ''Have you ever had asthma?''
The questionnaire included 5 questions about feeding behaviors in the past year, 4 about weight concerns in the past year and 1 about weight changes in the past year. They were derived by the DSM IVand were previously validated in a case-control study (11) . All questions on eating behaviors and 3 of 4 on weight concerns had 4 response options: never, scarcely, often, and quite often. Questions on feeding behaviors in the past year concerned 1) ''eating with an appetite,'' 2) ''skipping meals,'' 3) ''dieting,'' 4) ''eating with pleasure,'' and 5) ''eating more when sad.'' Questions on weight concerns were about 1) ''wishing to lose weight,'' 2) ''being afraid of gaining weight,'' 3) ''being worried about weight,'' and 4) ''struggling to maintain or to go back to the desired weight.'' The latter 3 questions were not asked to children ,12 y of age. The question about weight change was as follows: ''In the past year my weight has changed a lot.'' For the analyses, the 4 response options were amalgamated as follows: ''never'' with ''scarcely'' and ''often'' with ''quite often.''
Confounders
Besides sex and age, socioeconomic factors considered as potential confounders in the relation between asthma and obesity included the following (8) 
Statistical analysis
Pearson's chi-square test was used to assess significant differences in prevalence. Associations between asthma and obesity on one hand and between asthma, overweight status, obesity, and weight changes on the other hand were estimated by logistic regression models allowing for potential confounders and presented as odds ratios. The differential contribution of eating behaviors, weight concerns, and weight changes to the combination of asthma and obesity was assessed by polytomous logistic models through odds ratios. In the latter models, a 4-class variable according to the presence and/or the absence of obesity and asthmatic status, respectively, was used as the dependent variable: 1) nonasthmatic and nonobese adolescents (A2O2), the referent; 2) asthmatic and nonobese adolescents (A1O2); 3) nonasthmatic and obese adolescents (A2O1); and 4) obese and asthmatic adolescents (A1O1). Eating behaviors, weight concerns, and weight changes were considered independent variables as well as the potential confounders. A similar model was assessed with overweight instead of obesity. Interactions between ethnicity and eating behaviors and weight concerns were tested in the polytomous logistic models by including interaction terms. Statistical significance was indicated by P values , 0.05. Analyses were carried out by using SAS 8.2 software (SAS Institute Inc, Cary, NC).
RESULTS
Characteristics of the sample
The response rate was 87%, and 11,710 questionnaires contained complete data on asthma and obesity. Of the 11,710 adolescents recruited, 10,960 had full details on ethnic group, smoking habit, and physical activity. Of these, 1,479 did not report any information on SES. There was no significant difference in the prevalence of asthma and obesity between adolescents with missing data and those without. Fewer than 8007 adolescents responded to the last 3 questions about weight concerns, which were not asked to children less than 12 y of age. Characteristics of the study population are shown in Table 1 . Boys and girls were equally represented in the population. The age distribution was normatively spread with mean and median coinciding at 15 y and the quartiles at 13 and 17 y, respectively. The other characteristics were typical of the conditions of the students of the public secondary school in France according to national statistics.
Prevalence of asthma, overweight, and obesity
Asthma was reported by 11.7% of adolescents, and there were more asthmatic boys (12.7%) than girls (10.5%). In 85% of the adolescents, an asthma diagnosis was confirmed by a physician. Of the 11,710 adolescents, 0.7% were both obese and asthmatic (A1O1), 4.2% only obese (A2O1), and 10.9% only asthmatics (A1O2). Concerning overweight status, 2.0% of adolescents were both overweight and asthmatic, 13.0% were only overweight, and 9.7% were only asthmatics.
Prevalence of asthma, overweight, and obesity in relation to potential risk factors Ethnic origin was related to both asthma and overweight including obesity (Table 1) . Adolescents from French overseas areas had the highest prevalence of asthma, whereas those from northwest Africa were the least affected by asthma. Adolescents from northwest Africa and other countries had the highest prevalence of overweight, whereas those from France had the lowest prevalence. The values were different for obesity, because adolescents from south and east Europe had the highest prevalence of obesity, whereas those from French overseas areas had the lowest prevalence. Active smoking was found to be related to asthma. Obesity or overweight and smoking habits were not statistically associated. Conversely, SES was associated with obesity and overweight. Children whose father was unemployed or retired had the highest prevalence of obesity, whereas children whose father was a professional, an associate professional, or a technician had the lowest prevalence of obesity and overweight. Children whose father was a skilled agricultural worker had the highest prevalence of overweight. Physical activity outside school was also related to obesity. As previously documented, obese and overweight adolescents were less likely to engage in physical activity or practice sports.
Asthma, obesity, overweight, weight change, eating behaviors, and weight concerns In our population, obesity was significantly associated with asthma in girls but not in boys [odds ratio adjusted for educational district, ethnic origin, smoking habit of 1.48 (95% CI: 1.05, 2.08) compared with. 1.07 (95% CI: 0.75, 1.54)]. In both sexes, obese and overweight children as well as asthmatics had experienced more frequent weight changes in the past year ( Table 2) . As expected, obesity was significantly related to eating behaviors and weight concerns ( Table 3) . Compared with nonobese adolescents, obese adolescents were less likely to often eat with an Significantly different from girls, P , 0.001 (Pearson's chi-square test). 2 Prevalences of overweight and obesity were not evenly balanced across the 6 socioeconomic status, P , 0.001 (chi-square test).
3 French overseas departments and territories (French West Indies, Reunion Island, New Caledonia, and French Polynesia). 4 Northwest Africa (Morocco, Algeria, and Tunisia). 5 Prevalences of asthma, overweight, and obesity were not evenly balanced across the 5 ethnic origins, P , 0.05 (chi-square test).
6 Prevalence of asthma increased across the 3 categories of smoking habit, P , 0.05 (chi-square test). 7 Significantly different from scarce physical activity, P , 0.001 (Pearson's chi-square test).
appetite and for pleasure, and they were more likely to often skip meals, to often diet, and to eat more when they were sad. Furthermore, they were much more concerned about their weight than were nonobese adolescents. Similar relations were observed for overweight, although not significantly in the case of often eating with an appetite. Asthma was also significantly related to eating behaviors and weight concerns, although to less of an extent than obesity or overweight (Table 3) . Asthmatic adolescents were less likely to often eat with an appetite and for pleasure, and they were more likely to often skip meals, to often diet, and to eat more when they were sad than were nonasthmatics. They were also more concerned about their weight than were nonasthmatic adolescents. The relations of obesity and asthma to eating behaviors and weight concerns persisted after application of the adjusted polytomous logistic regression model (Figures 1 and 2) . Adolescents who reported often skipping meals, dieting, and eating more when they were sad were more likely to be obese (A2 O1), asthmatic (A1O2), or both (A1O1) than were nonasthmatic, nonobese children (Figure 1) . Inversely, adolescents who often ate with an appetite or with pleasure were less likely to be asthmatic and obese simultaneously, to be only asthmatic, or to be only obese; nonasthmatic and nonobese adolescents were the referent group.
Adolescents who wished to lose weight in the past year were not only more likely to be obese or asthmatic, although to less of an extent in the latter case (adjusted odds ratio: 1.2), but were also much more likely to be asthmatic and obese simultaneously (adjusted odds ratio: .12) (Figure 2) . When considering the other items related to weight concerns, namely ''to be afraid of gaining weight,'' ''to be worried about one's weight,'' and ''to struggle to maintain the desired weight,'' odds ratios increased between categories, from a minimum value for asthmatic nonobese adolescents to a maximum value for adolescents that were both asthmatic and obese. All the odds ratios were statistically significant ( Figure 2) .
Furthermore, adolescents who experienced weight changes in the past year were more likely to be obese, asthmatic, or both than were those whose weight remained stable ( Figure 3) . Ethnicity was not found to interact with the relations of obesity and asthma to eating behaviors, weight concerns, and weight changes.
Using the Kandel Depressive Scale, we found that depressive mood was strongly related to eating behaviors and weight concerns and that asthmatic obese adolescents had the highest risk of depressive mood; nonasthmatic and nonobese adolescents were the referent group (data not shown). However, accounting for depressive mood in the adjusted polytomous logistic models did not change the interrelations between obesity, asthma, eating behaviors, and weight concerns (data not shown).
The results remained the same when obesity was replaced by overweight in the polytomous model, ie, adolescents reporting abnormal eating behaviors were more likely to be overweight, asthmatic, or both, and the odds ratio for weight concerns increased from a minimum value for asthmatic nonoverweight P , 0.001. 3 Significantly different from nonoverweight adolescents, P , 0.001 (chi-square test). 5, 7 Significantly different from nonasthmatics (chi-square test): 5 P , 0.05, 7 P , 0.01. 6 Questions not asked to children ,12 y of age.
adolescents to a maximum value for asthmatic overweight adolescents; nonasthmatic, nonoverweight adolescents were the referent group (Table 4) .
DISCUSSION
In the present study, which was carried out in a large population-based sample of adolescents, those with both asthma and obesity were at higher risk than were those with asthma alone, obesity alone, and controls of having abnormal eating behaviors and being concerned about one's weight as assessed by using the DSM IV. Asthmatic adolescents and obese adolescents were also more likely than others to experience weight changes in the past year. The results persisted after control for potential confounders known to be related to obesity and asthma and showed the same patterns with overweight instead of obesity.
Although a considerable number of investigations using different study designs have indicated that excess weight might increase the risk of asthma development (1-4, 12-17), this area is still opaque and new options for preventing and treating asthma deserve to be pursued.
There is a large and growing body of literature that stresses the association between asthma and obesity and shows their significant public health effect. A recent review reported data indicating that obesity increases the prevalence, incidence, and possibly severity of asthma, whereas weight loss in obese FIGURE 1. Adjusted odds ratios (ORs) and 95% CIs for asthma and obesity according to eating behaviors in the past year in adolescents in France (polytomous logistic models). The ORs were adjusted for sex, educational district, ethnic origin, socioeconomic status, smoking habit, and sports outside school (referent group: nonasthmatic, nonobese adolescents). FIGURE 2. Adjusted odds ratios (ORs) and 95% CIs for asthma and obesity according to weight concerns in the past year in adolescents in France (polytomous logistic models). The ORs were adjusted for sex, educational district, ethnic origin, socioeconomic status, smoking habit, and sports outside school (referent group: nonasthmatic, nonobese adolescents). * The questions, except for ''to wish to lose weight,'' were not asked to children ,12 y of age.
individuals improves asthma outcomes (18) . Obesity also influences asthma control and the response to standard asthma treatment. The relation between obesity and asthma may be the result of the effects of obesity on lung volume or of the intervention of inflammatory markers and adipokines, such as tumor necrosis factor-a, leptin, and adiponectin. Very recently, the type of adiposity has been associated with airflow obstruction not mediated by airway inflammation (27) , and this indicates that there are other potential fields of investigation.
For the first time, our population-based data show that abnormal eating behaviors and weight concerns also intervene in the association between asthma and obesity, which suggests that factors underlying individual behaviors and weight concerns may partially explain the relation between obesity and asthma. These factors include hormonal activity, physiologic mechanisms, and psychological components. Hormones are involved in the regulation of energy intake, eating disorders, and obesity (5) . In this context, the role of energy intake has been largely investigated (19) . Leptin, by regulating appetite, may influence eating behaviors, which in turn may lead to obesity and then weight concerns. Hormone-induced stress has also been shown to interact with immune systems (20) , which play a major role in asthma and have been implicated in asthma attacks in children (21) . This risk is magnified if the child's life is characterized by multiple chronic stressors. In addition, there are sexual and gender differences in the obesity and prevalence of asthma symptoms and severity (22, 23) .
Furthermore, there appears to be a high comorbidity of anxiety disorders and depression in patients with asthma (24, 32) , and overweight (25) and asthmatic (26) children have been found to have lower self-esteem than others, just as gaining weight, worrying about one's weight, and struggling to maintain desired weight may induce stress and anxiety (25, 33) known to be related to asthma symptoms (21, 32) . In our population-based sample, depressive mood did not seem to explain why asthmatic obese adolescents were at higher risk of eating disturbances and weight concerns because the relations persisted even after adjustment for an objective measurement of it, namely the Kandel's depressive scale.
To our knowledge, this was the first investigation to use the DSM IV to assess eating disorders and weight concerns in a large representative sample of adolescents and to have related it to asthma and obesity. Statistically significant relations were found for both obesity and overweight. Taking into account overweight allowed disposing of larger subsamples for the analysis. Actually, 2.0% of the adolescents were both overweight and asthmatic compared with only 0.7% who were both obese and asthmatic. The fact that overweight adolescents showed the same relations as did obese adolescents supports the hypothesis that eating behaviors and weight concerns were already present in adolescents at risk of obesity and might be predictive of obesity. However, the cross-sectional design prevented an assessment of any causal role for eating behaviors and weight concerns.
Despite the design of the study, an explanatory mechanism relating eating behaviors, obesity, and asthma can be advanced. Lifestyle behaviors such as eating without appetite and pleasure, skipping meals, and being on a diet may lead to an imbalanced nutritional status (5, 28, 29)-a diet of poor nutritious value in FIGURE 3. Adjusted odds ratios (ORs) and 95% CIs for asthma and obesity according to weight changes in the past year in adolescents in France (polytomous logistic model; n ¼ 9457). The ORs were adjusted for sex, educational district, ethnic origin, socioeconomic status, smoking habit, and sports outside school (referent group: nonasthmatic, nonobese adolescents).
TABLE 4
Adjusted odds ratios (and 95% CIs) for the relation of asthma and overweight status with eating behaviors, weight concerns, and weight changes in the past year in adolescents in France (polytomous logistic models) terms of antioxidants and rich in total fat-that, in turn, may pave the way not only for overweight and obesity but also for asthma (30, 31) . In this context, weight concerns seem to be a simple consequence of eating disorders. The effect of eating behaviors and weight concerns did not differ among ethnicities, which suggests that our results obtained in France remain constant across cultures.
In conclusion, our data confirm previous findings, which suggest that, in addition to direct mechanisms, such as a shared genetic background, hormonal factors, and diminished physical activity, other factors such as abnormal eating behaviors and weight concerns and underlying factors may modulate the obesity-asthma association. The findings further support the hypothesis that the psychosocial dimension may be important to disentangling the complex relation between obesity and asthma during adolescence and strengthen the need to use this dimension in prevention strategies.
